Health care innovations have improved survival in children with conditions previously fatal in childhood. Implications for specific diseases have been reported, but little information is available on disease comparisons or population increases in adult survivors of childhood illness.
Children's hospitals and pediatric providers have been instrumental in achieving improved outcomes of patients with conditions as diverse as congenital heart disease (CHD), cystic fibrosis (CF), chromosomal abnormalities, and epilepsy. Survival well into the middle decades of life is now common for many diseases that were historically fatal in childhood. [1] [2] [3] [4] However, these successes create new challenges for the patients, their families, and the health care system. [5] [6] [7] Every year at least 500 000 to 750 000 young people with special health care issues become adults. 8, 9 As patients survive past historical age limits, they become vulnerable to acquired conditions. Pediatric providers may be ill equipped to treat the adult medical needs of these patients, whereas providers and hospitals that specialize in care of adult patients may have insufficient expertise to manage the adult manifestations of conditions that originate in childhood. 5 Although patients' needs within specific disease categories have been characterized, 4, few investigators have looked at this patient population in aggregate, and the utilization of inpatient treatment facilities by these patients has been poorly described. [31] [32] [33] [34] As efforts to reform health care intensify, an assessment of hospital care for adults with chronic conditions originating in childhood is needed to facilitate the optimal allocation of resources to meet the needs of this population.
To inform policy and prepare children's hospitals for this changing demographic group, we investigated hospitalizations of adults at children's hospitals to determine (1) the growth of this population, (2) differences between transitional (aged 18 -21 years) and older patients, and (3) projections for future growth. We hypothesized that children's hospitals are caring for increasing numbers of adults and that changes vary according to chronic condition.
METHODS

Human Subject Protection
This study was approved by the institutional review board at Children's Memorial Hospital.
Data Sources and Quality
Data were obtained from the Pediatric Health Information System (PHIS), which contains inpatient demographic, diagnosis, procedure, and resource utilization data from 41 freestanding, tertiary care children's hospitals. PHIS-participating hospitals are affiliated with the Child Health Corporation of America (CHCA), a business alliance of children's hospitals, and account for ϳ20% of all tertiary care at general (rather than subspecialty) children's hospitals. Located in 23 states and the District of Columbia, no more than 1 hospital is present in a specific region. Data quality and reliability are assured through a joint effort between CHCA and participating hospitals as previously described. 35, 36 
Patients
We focused on hospital care for adults with conditions originating in childhood and compared 3 age groups: pediatric (Ͻ18 years old); transitional (18 -21 years), and adult patients (Ͼ21 years).
Inclusion and Exclusion Criteria
We included patients who were discharged from the 30 participating hospitals that had available data for the entire 10-year period from January 1, 1999, to December 31, 2008 . The other 11 freestanding tertiary care PHIS children's hospitals did not have complete data for the period of analysis.
We excluded patients who were admitted for conditions of pregnancy and their healthy newborns. Only a few of the hospitals have obstetrical services, and the majority of delivered newborns are healthy. Because healthy newborns have markedly lower resource utilization and shorter lengths of stay, the inclusion of their data would have biased the pediatric age group toward less cost and resource use at hospitals providing obstetric services.
Assignment of Primary Underlying Condition
Up to 21 diagnostic fields were permitted for each patient. Our intention was to identify the primary underlying condition for which the patient was seen at the hospital, with the acknowledgment that subsequent complicating conditions may also be present. For each patient all discharge diagnoses (principal diagnosis and secondary diagnoses) coded according to the International Classification of Diseases, Ninth Revision, were listed. We then assigned each patient to a single mutually exclusive diagnostic category by sequentially searching the list and using the hierarchy listed in the Appendix. Once assigned to a diagnosis, the patient was removed from the list and the remaining patients were then searched for the next diagnosis in the hierarchy. In this way, a patient with CF and pancreatic insufficiency would be assigned to the CF, not the diabetes, diagnostic category.
Variables
Demographic variables included age, gender, race, and primary payer. Clinical data included primary and secondary diagnoses; outcome data included mortality and discharge disposition; and utilization data included hospital lengths of stay and charges. Charges were converted to year 2008 US dollars by using the US Department of Labor Bureau of Labor Statistics consumer price index for hospital and related services (www.bls.gov/CPI).
Analytic Sequence
We examined patient demographic characteristics for the 10-year study period. This 10-year period informed projections for the subsequent 3 years. We performed more detailed analyses according to diagnosis for 2007 and 2008, the 2 most recent years from which data were available.
Statistical Analysis
We calculated the annual percent change compared with the year 1999 for the entire cohort and for patients with the 6 most common conditions. Time-trend forecasts were performed by using a stepwise autoregressive method. To determine if the growth rate was different among the age groups, we tested the interaction between year and age group with a general linear model.
We calculated the actual annual percent change in utilization and the standardized mortality rate (SMR) for the 6 common conditions from 2007 to 2008 at the hospital level and presented the median and interquartile range. The expected mortality in the PHIS database is assigned to each discharged patient on the basis of their assigned All-Patient Refined Diagnosis-Related Group (APR-DRG) and risk of mortality level. We used the expected mortality that is calculated by Thomson-Reuters on the basis of their national normative pediatric database as the proportion of mortalities in each APR-DRG and risk of mortality level combination. At the hospital level, we used a sign test to determine if the percent change values for the transitional and adult groups were different from those in the pediatric group.
All statistical analyses were performed by using SAS 9.2 (SAS Institute, Inc, Cary, NC). A P value of Ͻ.05 was considered statistically significant.
RESULTS
Characteristics of the Population
We studied 2 143 696 patients discharged 3 343 194 times. Transitional patients represented only 2.0% of patients, and adults 0.8%, with a total of 59 974 patients aged 18 years or older being discharged 119 573 times from the 30 children's hospitals (Table 1) . Transitional and adult patients had more discharges per patient (2.0) than pediatric patients (1.6). Hospital mortality was significantly higher among adults (1.8%) than among transitional (1.1%) or pediatric patients (1.0%; P Ͻ .001). Seventy-five percent of adults older than 21 years were also aged 23 years or older, 25% were aged 32 years or older, and 10% were aged 41 years or older.
Utilization
Patients aged 18 years and older and accumulated Ͼ80 000 hospital days and $627 million in charges on average annually, and resource utilization was disproportionately higher in the older age groups. Compared with pediatric patients, transitional and adult patients consumed an average of 41% and 69% more hospital days per patient, respectively (Table 1 ). In addition, per patient charges averaged 61% (transitional) and 102% (adult) higher than those for pediatric patients.
The number of unique patients, discharges, patient-days, and charges increased among all age groups over the study period (Fig 1) . The largest increases were among transitional patients, with average annual increases of 6.9% in discharges, 7.6% in patientdays, and 15% in charges, all significantly greater than increases among pediatric patients (all P Ͻ .001). In contrast, growth rates were significantly lower for adult patients compared with pediatric patients (inpatient-days: P ϭ .009; charges: P ϭ .03). Overall, there were 4303 more discharges of 
Chronic Conditions
The percentage of patients with an identifiable chronic condition increased with age, from 47.9% of pediatric patients to 80.9% of transitional and 86.5% of adult patients. Figure 2 displays the change in utilization over the 10-year study period, with projections to 2012 for each of the 6 major
FIGURE 1
Increase in adults treated at children's hospitals, 1999 -2012, according to age group. Shown are the aggregated actual 10-year and forecasted 3-year percentage growth from 1999 in discharges, charges, and patient-days of patients hospitalized at children's hospitals, according to age group. In aggregate, patients in the transitional age group had dramatic increase in discharges, charges, and patient-days. CI indicates confidence interval.
FIGURE 2
Increase in adults treated at children's hospitals, 1999 -2012, according to age group and disease. The aggregated actual 10-year and forecasted 3-year percentage growth from 1999 in discharges, charges, and patient-days of patients hospitalized at children's hospitals, according to age group and disease: A, CF; B, malignant neoplasms; C, CHD; D, sickle cell disease; E, cerebral palsy; and F, epilepsy. CI indicates confidence interval.
chronic disease diagnoses, according to age group. We compared the rate of change for each of the older 2 age groups with that of the pediatric age group. For CF (Fig 2A) , transitional patients had a greater rate of increase in charges (P ϭ .006) and discharges (P ϭ .003) and a trend toward more inpatient-days (P ϭ .05). In contrast, charges, discharges, and inpatientdays decreased significantly among adults with CF (P Ͻ .001). Transitional and adult patients with malignant neoplasms ( Fig 2B) had more discharges, charges, and inpatient-days (P Ͻ .001).
For CHD patients (Fig 2C) , transitional patients had a greater increase in charges (P Ͻ .001) and discharges (P ϭ .01), but no statistical difference in the rate of increase in inpatientdays. No significant differences were found among patients with CHD in the adult age group. For patients with sickle cell disease (Fig 2D) no comparisons were statistically significant. Pediatric patients with cerebral palsy (Fig 2E) had a significant reduction over time in discharges, patient-days, and charges (P Ͻ .001), whereas utilization increased among transitional and adult patients (P Ͻ .001; except, P ϭ .05 for charges for adults). For epilepsy patients (Fig 2F) , the rate of increases in discharges, patient-days, and charges for adult patients was significantly slower than that of pediatric patients (P Ͻ .001), and adults had decreasing inpatient-days over time (P ϭ .002). present the median and interquartile range for these variables, which illustrate the marked heterogeneity according to condition and age group and the extent to which individual hospital experiences vary. Transitional and adult patients are compared with pediatric-aged patients as the reference. The transitional age range had an increase in inpatient-days for those with CF, and for those with malignant neoplasms, discharges, inpatientdays, and total charges increased, whereas SMR decreased. Transitionalaged patients with CHD and epilepsy had an increase in charges, and those with epilepsy also had an increase in inpatient-days. For adult patients, charges increased only for those with malignant neoplasms and cerebral palsy and the only diagnosis with an increase in either discharges or inpatient-days was cerebral palsy. Patients with epilepsy had a significant decrease in discharges. Changes were similar according to age for diagnoses of mental retardation, muscular dystrophy, central nervous system degeneration, and brain and spinal cord malformations (data not shown). The principal diagnosis, or primary reason for admission, was similar between age groups for each of the common conditions (data not shown).
DISCUSSION
Children's hospitals are caring for increasing numbers of patients outside of the traditional pediatric age range. Although these individuals make up only a small fraction of inpatients, thousands of adults receive care at these 30 children's hospitals annually. Adults are more frequently readmitted than patients in the pediatric age group, and their inpatient-days and charges are disproportionately higher. The increase of patients aged 18 to 21 years exceeds that for pediatric patients, and our projections suggest that both transitional and adult inpatient populations will continue to grow. Although children's hospitals may see a disproportionate number of these patients compared with general hospitals because of their clinical focus, our observations demonstrate that the growth of transitional-aged patients is out of proportion to general increases in pediatric patient numbers.
Determination of the best location for the care of adults with chronic conditions that originate in childhood is a topic that is addressed in a growing body of literature 4, [16] [17] [18] 23, 29, 37 but remains unclear. A key question is the role of children's hospitals and whether they provide care for children only or for all patients with childhood diseases. Balancing subspecialty care against age-appropriate care is difficult. Care for young adults with CF is an example of a situation in which adult and pediatric providers work together to successfully transfer care provided in children's hospitals to adult care settings. 4, 23, 29 Young adults with CHD, on the other hand, have high health care utilization, which increases with age. 38 However, CHD is much more heterogeneous, and encompasses Ͼ100 separate conditions that require specialized medical, surgical, and imaging equipment and personnel. 12 Recent studies of the prevalence of CHD have shown that the numbers of children and adults with complex CHD is roughly equal. 39, 40 This emerging population will require lifelong proactive management to reduce secondary disability and might be expected to consume considerable health care resources. Cerebral palsy is among the most challenging of conditions, because it is even more heterogeneous, often with complex comorbidities and developmental disabilities not typically treated in adultoriented environments. 10, 34 Children's hospitals rarely have the comprehensive resources and expertise necessary for care of conditions acquired in adulthood. Their physical facilities and supplies are not designed for adults, personnel tend to be less well-trained in adult care, and ancillary services that support adults, such as for job placement, are often lacking. Nonetheless, pediatric hospitals and providers may be uniquely able to provide specialized care for sequelae from conditions originating in childhood. For example, children's hospitals have providers and equipment needed to perform complex invasive procedures to treat CHD, [16] [17] [18] 22, 37 and standardized, multiinstitutional protocols used by pediatric oncologists lead to better outcomes among young adults with leukemia compared with patients of the same age treated by providers trained to provide care to adult patients. 25 When specific disease categories are compared, a complex landscape emerges. The CF community has an explicit program to facilitate the transition of patients to adult providers. 23, 29 The increase in patients among the transitional age group likely reflects improved survival, and the decrease of adult patients treated at pediatric hospitals may be attributable to successful transitions to adult providers. In contrast, growth rates are high for adult patients with malignancy, CHD, and cerebral palsy treated at pediatric hospitals, conditions that lack widespread transition programs. Although these patients may continue to require the specialized resources of pediatric centers, they may also be encountering barriers to transition to adult providers.
Barriers to transitioning patients to adult providers include concerns regarding patient maturity, psychosocial and family needs, and systemic issues of transfer coordination and reimbursement. 1, 5, 6, 11 The identification of adult providers able to care for these patients is a challenging task that requires unique attributes of training and access, 41, 42 especially for patients with unique needs, such as those with severe neurodevelopmental compromise. Coordination among multiple providers (eg, pediatric, adult, and primary and specialty care) and the preparation for transfer of care are all essential. The markedly increasing number of inpatient-days and charges for adults with cerebral palsy may serve as an example that illustrates these systemic issues.
Health care reform will undoubtedly have an impact on the transition experience and quality of life of adults who are survivors of pediatric chronic diseases. Currently, these patients are at risk of losing health insurance when their age makes them unqualified for assistance programs for children but they are ineligible for conventional insurance owing to preexisting conditions. [43] [44] [45] In addition to bringing about the expansion of insurance coverage, reform efforts could improve care for this population by incorporating reimbursement of time-intensive tasks such as counseling and transition planning. Our data suggest that transition planning is an ongoing need, with a substantial percentage of our patients being older than 23 years and one-quarter of them being 32 years old or older.
This study has important limitations, many of which are related to its focus on inpatient care at 30 children's hospitals, which represents only a fraction of the health care that this population receives nationally. Although one could assert that the focus on this group of patients imposes a selection bias, this subset reveals important trends. The disparate observations according to diagnostic group suggest that underlying systemic issues explain our findings that some conditions predispose patients to continue to seek care from pediatricians, whereas others do not. The hospitals that participated in this study care for Adults with chronic conditions of childhood require the expertise of both pediatric-and adult-trained providers and are familiar with the pediatric and adult manifestations of the conditions. Patients with complex lesions who require a highly resourced system of care to support surgical and other procedural interventions may benefit from unique services available in a pediatric hospital. For these patients, comanagement by a provider trained in adult medicine may be optimal. Ultimately, each institution, on a condition-by-condition basis, must determine the best way to organize their local health care system and community to care for these patients.
CONCLUSIONS
We believe we have provided important new information. We have described disparate experiences based on diagnosis, most notably the contrast between an entity with a wellestablished template for transition (CF) and other conditions. Moreover, we established growth rates and projections for future growth according to age group, and found that the most rapid rate of growth was among patients aged 18 to 21 years. We also found that substantial numbers of patients in their 30's and 40's continue to be seen at children's hospitals. These patients may be the population most likely to benefit from a concerted effort to develop transition strategies and identify long-term medical homes. As practitioners define the scope of practice, whether according to age or subspecialty focus, the unique needs of these patients must be incorporated into training programs and clinical pathways. With the data presented here we hope to inform the debate on health care reform and the environment of care for patients who survive diseases that were previously fatal in childhood. Dr Hall had full access to all the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis.
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